Abstract. We reported previously on the necessity of the elderly wearing dentures while they take physical therapy, because of improved maximum muscular strength and agility under biting with dentures compared to without dentures. We assumed that this phenomenon resulted from improved strength of the masseter muscle and occlusal force brought about by wearing dentures. In order to corroborate our assumption, we selected eight elderly subjects (age: 71-98; mean age: 83.9) and measured the soleus H (Hoffman wave) reflex as an index of excitability in the spinal cord motor neuron pool, activity of the masseter muscle, and occlusal force of incisors under biting with and without dentures, so as to examine changes in the measured parameters. The results were that the values measured with dentures were significantly greater than those without dentures. We consider that these data support our assumption.
INTRODUCTION
Average life expectancy has shown a rapid increase in Japan, and our country is ranked first as a nation of longevity 1) . However, it is not also true of the average life of teeth 2) , and most elderly persons, both healthy and disabled, cannot get along without a full set of dentures.
We previously tested how the presence and absence of dentures in the elderly influenced their motor performance 3) . We selected two test methods that are safe and simple for the elderly to measure maximum muscular strength, agility, flexibility and balance, all of which tend to decline with age 4) . The first was the grip strength test for determining muscular strength, and the other was the bar gripping test for determining bar-gripping reaction time 5) , that is used as a means for discriminating between the central and the peripheral processes participating in kinetic expression. Superior results were obtained both in the maximum grip strength and in the bar-gripping reaction time when measured under biting with dentures compared to those without dentures. Based on these data, we suggested the necessity of wearing dentures for the elderly when taking physical therapy. We considered that the increased strength and shortened reaction time were induced by a lift of the occlusal position (an occlusion with the mouth opening slightly relative to the normal centric occlusal position) in the presence of dentures increasing the tension of the masseter muscle, thereby producing a higher occlusal force, which influenced clenching [6] [7] [8] during the maximum physical exercise.
However, we conducted neither determination of the occlusal force nor observation of activity of the masseter and facial muscles, so we were unable to elucidate the mechanism by wich the change in occlusal force when wearing dentures influenced the grip strength and bar-gripping reaction time.
The purpose of this study was to elucidate this mechanism. We measured the soleus H (Hoffman wave) reflex [9] [10] [11] [12] [13] [14] [15] , which indicates the excitability in the spinal cord motor neuron pool, activity of the masseter muscle and occlusal force of incisors, under biting in the presence and absence of dentures, to examine the changes in the measured values.
METHODS
Eight healthy subjects (male: 4; female: 4) were selected. They were aged between 71 and 98 (mean age: 83.9) and had a height of 125 to 168.6 cm (mean height: 148.6 cm) and a body weight of 35 to 66 kg (mean weight: 52.2 kg).
I. Procedures
Each subject was seated in a relaxed position in a reclining chair with a knee flexion angle of 40 deg.
and an ankle plantar flexion angle of 20 deg. In this state, the soleus H-reflex, activity of the masseter muscle and occlusal force of incisors were measured under the following four conditions: 1) open mouth with dentures; 2) maximum biting with dentures; 3) open mouth without dentures; and 4) maximum biting without dentures. A monitor was set in front of the subject at a distance of about 1 m (see Fig. 1 ), and the subject was directed to clench hard and to open the mouth slightly so that the subject could assume the maximum voluntary occlusion and the open-m outh p osture by monitoring a waveform of integrated EMG in the masseter muscle displayed on the unit.
(1) Soleus H-reflex
The soleus H-reflex was evoked by stimulating the tibial nerve on the popliteal fossa of each subject seated in a reclining chair in a relaxed position with a constant current (1 msec. duration rectangular wave). The size of the control H-reflex under open mouth was adjusted to about 30% of M max . The peak-to-bottom amplitude of H-reflex was measured five times at random intervals under each condition using a signal processor (DP-1200, NEC Medical Systems) at a sampling frequency of 1 KHz. The measured H-reflex values were averaged out to calculate the increase ratio of the mean soleus H-reflex under biting to that under open mouth with and without dentures, respectively, and the resulting data were analyzed by the paired t-test.
(2) Activity of the masseter muscle Activity of the masseter muscle was recorded through surface electrodes (Ag-AgCl) applied to the belly of the masseter muscle at an electrode-toelectrode distance of 3 cm (cutaneous impedance was preset to 5 kΩ or less, at 20 to 500 Hz). The activity during maximum biting was determined five times each in the presence and absence of dentures by full wave rectification and integration in the period 500 msec immediately before the rising edge of the evoking stimulation. Mean values of discharge integral in the masseter muscle, which were obtained in the five trials, were calculated respectively and were analyzed by the paired t-test.
(3) Occlusal Force of Incisors
After completion of H-reflex measurement, the maximum occlusal force of incisors was measured twice with and without dentures by an occlusal force meter GM10 (Nagano Keiki). Mean values were calculated and were analyzed by the paired ttest.
RESULTS

I. H-Reflex
The mean H-reflex values were significantly greater under biting with dentures (p<0.05, paired ttest) compared with those without dentures. The Hreflex increased by 59.5% under biting with dentures and by 28.8% under biting without dentures, on average, compared with those under open mouth conditions (Table 1, Fig. 2 ).
II. Activity of Masseter Muscle
Activity of the masseter muscle under maximum biting with dentures was significantly greater (p<0.05, paired t-test) than that without dentures (Table 1) .
III. Occlusal Force of Incisors
The occlusal force of incisors measured with dentures was significantly greater (p<0.01, paired ttest) than that measured without dentures (Table 1) .
FINDINGS
We assumed, as a result of our previous study, that the elderly show increased occlusal forces when they wear dentures properly, due to a lift of the occlusal position which enhances tension of the masseter muscle allowing it to work efficiently, thereby influencing clenching during maximum physical exercise [6] [7] [8] , and in turn, the maximum muscular strength and agility. The results obtained in this study showed a significantly improved soleus H-reflex increase ratio, activity of the masseter muscle and occlusal force in the presence of dentures. We believe that these data support our original assumption.
"Influence of Wearing Dentures on Strength of Masseter and Incisor Occlusal Force"
We believe that dentures influence the occlusal position and increase tension of the masseter muscle, inducing high activity of the masseter muscle. Ishigami 8) reports that a lift of the occlusal position (an occlusion with the mouth open slightly relative to the normal centric occlusal position) caused by wearing a mouth piece increases tension of the masseter muscle and that the teeth of the upper jaw are respectively brought into contact with those of the lower jaw evenly at the centrical occlusal position (reference positions of the teeth of upper and lower jaws), favorably influencing motor performance. In view of this report, we consider that the lift of the occlusal position caused by the presence of dentures increased the activity of the masseter muscle and that the increased strength of the masseter muscle produced a higher occlusal force of the incisors.
"Influence of Wearing Denture on H-reflex"
We consider that the presence of dentures influences the occlusal position, increasing tension of the masseter muscle, and produces a strong occlusal force thereby inducing a high H-reflex amplitude. This means the increase of progressive stimulation of the spinal cord motor neuron on the reflex pathway of the H-wave. Miyahara et al. 14, 15) explained these phenomena: A descending input from the superior central nerve and the sensory information from the peripheral nerve to the spinal cord monosynaptic reflex arc influence facilitation of soleus H-reflex at the time of clenching, like in the maneuver of Jendrassik's [16] [17] [18] who analyzed facilitation dynamics of H-reflex at the time of voluntary contraction of muscles in the remote parts of the body such as the antebrachial muscle. Cowan et al. 19) analyzed the time-related effect of percutaneous motor cortex stimulation on H-reflex facilitation. Their results suggested monosynaptic transmission of stimulation from the corticospinal tract to the motor neuron. Takada 20) and Hagiya 21) analyzed the effects of occlusion and rhythmical jaw movement on the monosynaptic reflexes of the extensor and flexor of the ankle, and both groups of researchers reported that the monosynaptic reflexes were facilitated nonreciprocally and that excitatory input from the peripheral and superior central nerves influenced facilitation of the H-reflex. We consider that the presence of dentures influenced the activity of the masseter muscle and also the occlusal force of incisors, and in turn, the H-reflex.
In this study, we tested how the soleus H-reflex, activity of the masseter muscle and occlusal force are influenced by the presence and absence of dentures. Soleus H-reflex, activity of the masseter muscle and occlusal force all showed improving tendencies in the presence of dentures. These results suggest that the presence and absence of dentures may influence the motor performance in the elderly when they take physical therapy.
It will be necessary for us to clarify further the mechanism of the influence of increased activity of the masseter muscle and increased occlusal force upon motor performance.
